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OPTICAL IDENTIFICATION OF A NEW CATACLYSMIC 
VARIABLE FROM INTEGRAL ALL SKY SURVEY: IGR J08390-4833 
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We have optically identified a recently discovered INTEGRAL source, IGR J08390-4833, with a cataclysmic 
variable, i.e. an accreting white dwarf in a binary system. The spectrum exhibits a rising blue continuum together 
with Balmer and Hell emission lines. Analysis of the light curve of the source shows clear presence of intrinsic 
variability on a time scale of the order of an hour, although we do not claim that this variability is periodic. 
Therefore we are not yet able to classify the object into a specific CV subclass. 
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INTRODUCTION 



Surveys of the sky in X-ray energy band are very use- 
ful in constructing catalogs of different classes of sources 
with minimal biases. These catalogs, in turn, provides us 
a possibility to study properties of populations of different 
astrophysical objects. However, in order for such measure- 
ments to be accurate one needs to minimize incomplete- 
ness of the catalogs. 



INTEGRAL observatory (jWinkler et alj|2003h is per- 
forming the most sensi tive all sky survey in h ard X-ray en- 
ergy band up to date (|Krivonos et al.ll2007l ) and provides 
important information about populations of nearby AGNs 



(ISazonov et al.l 2007 ), X-ray binaries (iLutoyinov et al 
" iBodaghee et al I [20071 (Revnivtsev et al.l l2008f) 



120051 

cataclysmic variables (jRevnivtsev et al.ll2008l) 



and 



The catalog contains more than 400 sources, many of 
which still lack a secure optical identification. Our group 
systematically performs optical observations of uniden- 
tified INTEGRA L sources with the a im of determin- 
ing th eir nature dBikmaev et al.l l2006allbl: iBurenin et al.l 
2006 allbl; iMeschervakov et al.l 120061 : iBikmaev et al.l l2008t 
Burenin et al.ll2008l ). The increase of the completeness of 



the INTEGRAL all sky catalog significantly increases its 
scientific value. In the present paper we report on the iden- 
tification of the source IGR J08390-4833 as a new cata- 
clysmic variable. 



OBSERVATIONS 



disc o vered in 
Sazonov > it "ail (l2008l)and 



The source IGR J08390-4833 
INTEGRAL observations by " 
follow -up observations with Chandra (|Sazonov et al 
2008) led to a likely optical identification with a V ~ 16 
magnitude star at RA=08h 38m 49.11s, Dcc=-48d 31m 
24.7s. An image of a [1.4x1.2 arcmin] region around the 
object from the DSS2-R all sky survey is shown in Fig. [TJ 
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Fig. 1. A 1.4x1.2 arcmin region of the sky around IGR 
J08390-4833 from the DSS2-R all-sky survey. The position 
of the source from Chandra observations is shown by a 
circle where the radius denotes the X sigma uncertainty. 
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SPECTRAL 

Our spectroscopic observations were carried out with the 
SAAO 1.9m telescope during three nights in April 2008. 
The observations were performed with the Cassegrain 
spectrograph using a long slit of 3'xl.5". A grating with 
300 lines mm" 1 was used with the SITc 266x1798 pixel 
CCD detector. This gave a wavelength range —3500- 
7300 A with -2.3 A pixel" 1 and FWHM ~7 A along 
the dispersion direction and the scale along the slit Of! 7 
pixel -1 . The seeing during the observations varied from 
1.0" to 1.6", but was stable during each night. Spectra 
of Cu-Ar comparison arcs were obtained to calibrate the 
wavelength scale. The airmass range was from 1.04 to 1.18 
and spectrophotometric flux standards were observed af- 
ter object for flux calibration. 

The reduction of all data was performed using the 
data reduction package. Cosmic ray hits were re- 
moved from the 2D spectral using MIDAS. We corrected 
for the overscan, subtracted the bias and performed flat- 
field corrections ussing IRAF tasks in the ccdred package 
and used the software tasks in twodspec to perform the 
wavelength calibration and to correct each frame for dis- 
tortion and tilt. The accuracy of the wavelength calibra- 
tion was better than 0.4 A. After the 2D spectrum was 
wavelength-calibrated, the night sky background was sub- 
tracted. Using our data of the spectrophotometry stan- 
dard stars, the intensities of the 2D spectrum were trans- 
formed to absolute fluxes. One-dimensional spectra were 
extracted in order to get the total flux. 



IMAGING AND PHOTOMETRY 

On 26 April 2008 we obtained a light curve of the source 
with using the SAAO lm telescope and UCT CCD. The 
aim of the observation was to study its variability and to 
search for possible periodicities, caused by either by rota- 
tional or orbital modulations. 

The high-speed photometry was taken with the 
University of Cape Town CCD photometer (UCT CCD, 
lO'Donoghuel (|l995l )) on the SAAO 1-m telescope. We 
used 10-s exposures (there is no dead time between ex- 
posures, since the photometer is a frame transfer CCD) 
with no filter. Unfiltered observations with the UCT CCD 
gives photometry with an effective wavelength similar to 
Johnson U-band, but with a very broad bandpass. The 
use of white light means that the observations cannot be 
precisely placed on a standard photometric system; the 
magnitude calibration approximates Johnson V only to 
within ~ 0.1 mag. We performed differential photometry, 
implying that colour differences between the targets and 
comparison stars were ignored in correcting the data for 
atmospheric extinction. 

Due to the detection of nebular emission lines around 
the object (see below), some Ha images were obtained 
with the SAAO 1.0-m telescope. One pair of images was 



obtained in V and Ha on the night of 3 May 2008 while 
four pairs of images were obtained in R and Ha on the 
night of 10 May 2008, with exposure times of 300 and 1200 
sec, respectively using the SITe 512x512 pixel CCD cam- 
era (scale 0.31 arcsec/pixel). The data reduction was per- 
formed using MIDAS and IRAF data reduction packages. 
Cosmic rays were removed from the 2D spectral frame us- 
ing MIDAS. IRAF tasks in the ccdred package were used 
to correct for the overscan and to perform flat-field cor- 
rections. 



RESULTS 
SPECTRA 
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Fig. 2. Spectrum of IGRJ08390-4833, averaged over all 
observations 
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Fig. 3. Part of the spectrum of the nebula detected around 
IGRJ08390-4833 
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Fig. 4. Upper panel: Image of a 7.5x6.1 degrees region 
around IGR J08390-4833 taken with a narrow (bandpass 
~17A) Ha filte r (from Skyview service of HE AS ARC, 
image based in Finkb einerl 12003). The position of IGR 
J08390-4833 is marked by a circle. Lower panel: A smaller 
image (2.6x2.4 arcmin) around IGR J08390-4833 taken 
with an Ha filter, observed with the SAAO lm telescope. 
Stars and other artefacts were removed from the image. 
The bright Ha image of IGR J08390-4833 is marked by a 
circle. The rectangular box denotes the size and position 
of the spectrograph slit used to obtain the spectrum of 
IGR J08390-4833 and the nebula. 



EMISSION LINE NEBULA 

The 2D spectrum obtained by the long slit of the spec- 
trograph indicates spatially extended emission lines, aris- 
ing from nebulosity surrounding the source, including Oil, 
[Nil] 6548, 6584A and [S II]6716, 673lAthe presence of 
these lines in the source spectrum is most likely a result of 
imperfect subtraction of the bright nebula emission lines, 
which are clearly visible in 2D spectra. 

It is interesting to check the possible casual connection 
of the cataclysmic variable with this nebula, because cata- 
clysmic variables sometime might undergone classical nova 
exp losion and this might create some remnant/nebula (see 
e.g. lSlavin. O'Brien. &: DunlorJI 19951 ). For this purpose we 
analized the spectrum of the nebula and obtained Ha im- 
age of the area. 

The spectrum of the nebula is shown in Fig|3l 
Measured line ratios are listed in Table [TJ All emission 
lines were measure d applying the MID AS programs de- 
scribed in detail in iKniazev et alj (|2004l ). All overlapping 
lines were fitted simultaneously as a blend of two or more 
Gaussian features: the Ha A6563 and [Nil] AA6548,6584 
lines and the [Sll] AA6716,6731 lines. Par ameters of the 
spectru m was analyzed using diagnostics o f K niazev et al 



(2008a), which gave us values of the reddening in the spec- 
trum and the density of emitting plasma. For the latter 
we assumed all lines are produced in an isothermal gas at 
uniform density and ionization level. The reddening cor- 
rection, electron temperatures and density were calculated 
iteratively until the values converged. 

The lines intensity ratios indicate that they originate 
in a hot low density region, which is likely to be an ex- 
tended HII region (see e.g. disgnos tics of HII region in 
Kniazev. Pustilnik. fc Z uckcr 2008b) wh ich is clearly vis- 
ible on the Ha images (|Finkbeinerll2003l . see also Figj4|. 

In order to check the association of the emission line 
nebula with our source we have obtained an image of 
the sky around the source with an Ha filter. The re- 
sulted (Ha— continum) colour image was cleaned to re- 
move residuals left from imperfect subtraction of stars, 
and then binned into 1.5" x 1.5" pixels (see Fig. HJ. The 
image does not show a clear association of the nebula with 
the source. 



LIGHT CURVE 



The grand-sum of all the spectra of IGR J08390- 
4833 obtained with SAAO 1.9m telescope is shown in 
Fig. [21 The bright Balmer emission lines with zero 
redshift immidiately show that the source is Galactic. 
The shape of the continuumoptical spectrum along 
with a sequence of strong Balmer emission lines, in- 
dica tes that this source is a cataclysm i c variable (see 



Schmidt. Stockman, fc Grandil fl986l Bikmaev et al 



2006b UMasetti et al.ll2007F T 



The optical light curve of the source is presented in Fig. [5] 
(lowe r panel). The Lomb-Scargle periodogram (jLombl 



19761 ) is presented in Fig. [5]^ upper panel). Before construc- 



tion of the Lomb-Scarge periodogram the light curve was 
de-trended by subtraction of the best fit quadratic func- 
tion from the original data. 

In absence of internal variability of the source flux the 
probability for Lomb-Scargle power to exceed the value 
x is P(> x) = cxp(— x). Thus we can securely claim the 
presence of the instrinsic variability of the source flux at 
Fourier frequencies / < 7 x 10~ 4 Hz. The highest peak 
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Table 1. Ratios of line intensities (measured F and cor- 
rected for interstellar reddening /) of the nebula around 
IGR J08390-4833. Also shown are: EW{H(3) - equivalent 
width of the H(3 line, C(H/3) - extinction coefficient, Ab 
— spectral reddening and N e - density of emitting plasma 



A (A) Ion 



F(A)/F(H/3) I(A)/I(H/3) 



3727 [O n] 
4101 US 
4340 H 7 
4861 H/3 
4959 [O in] 
5007 [O in] 
5869 He n 
6548 [N n] 
6563 Ha 
6584 [N n] 
6717 [S n] 
6731 [S II] 

EW(H/3) A 

C(H/3) dex 
A s mag 

[Sil] A6731/A6717 
AT e (Sn A6731/A6717), 



3.69±0.29 
0.29±0.07 
0.48±0.07 
1.00±0.08 
0.17±0.06 
0.45±0.05 
0.09±0.04 
0.50±0.05 
3.13±0.21 
1.47±0.10 
0.83±0.06 
0.59±0.04 



3.90±0.32 
0.30±0.10 
0.50±0.08 
1.00±0.09 
0.17±0.06 
0.45±0.05 
0.09±0.04 
0.47±0.04 
2.94±0.22 
1.39±0.10 
0.78±0.06 
0.55±0.04 



131 a 

0.08 
0.23 

1.409±0.156 

9n +135 
zu -10 



a - Due to extreme weakness of the nebular continuum we 
can not securely determine the uncertainty of the value of 
the equivalent width. However we anticipate that it does 
not exceed 30%. 



in the periodogram corresponds to the frequency (2.6 ± 
0.3) x 1(T 4 Hz, or to the period P ~ 1.1 ± 0.1 hour. 

Taking into account that the length of our time series 
is only ~3 hours, we cannot claim detection of any peri- 
odic variations. In order to make secure conclusion in this 
regard we need to obtain more observations spanning a 
longer time base. 

Further classification of the source to subclasses of cat- 
aclysmic variables can be only done after collection of 
more data in optical and X-ray energy bands. 

This work was supported by grants RFFI 07-02-01051, 07-02- 
00961, NSH-1789-2003.2, NSH-1100.2006.2, and the programm 
of Presidium of Russian Adademy of Sciences "Formation and 
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